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(57) Abstract: The present invention relates to a 
method and an apparatus for processing a preform 
and/or drawing an optical fibre. The method is char- 
acterized by securing the preform (2) to the process- 
ing device by means of at least two separate grip- 
ping means (4, 6), heating the preform (2) or a sec- 
tion thereof by means of at least one heating device 
at least locally, generating a tension in the preform 
(2) by means of the gripping means (4, 6), and pro- 
cessing the preform (2) by moving one of the grip- 
ping means (4, 6) and the heating means (12) and 
by keeping the gripping means (4, 6) on the side of 
the end product of the preform in position relative to 
the body of the processing device, whereby the end 
product produced also remains in position relative 
to the body of the processing device. 
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METHOD AND APPARATUS FOR PROCESSING A PREFORM 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a device according to the preamble 
of claim 1 and to a method according to the preamble of claim 5 for processing 
5 a preform to alter its length and diameter, and to a device and method accord- 
ing to claims 16 and 21 for drawing an optical fibre. 

[0002] In the manufacture of an optical fibre, the blank, i.e. the pre- 
form, has to be processed to obtain an outer diameter of the desired size, or to 
correct any form errors created in the preform, for instance variations in the 
1 0 diameter and errors in the roundness or straightness of the preform. 

[0003] In the present context, a preform refers to a blank or a part 
thereof, from which the optical fibre is manufactured. The above parts could 
include for example rods or tubes and different combinations thereof. The ma- 
terial of the preform could be for instance plastic, glass or another correspond- 
15 ing material. The preform may also include several constituents. Processing a 
preform can involve stretching or forging at a constant or varying speed, during 
which the preform may also be rotated at a constant or varying speed around 
its longitudinal axis. 

[0004] From hereon, when referring to the stretching, drawing, forg- 
20 ing or other processing of a preform, the expression processing will be used, 
and, in the same way, for the device used for the purpose, the expression 
processing device, which comprises means for stretching, forging or other de- 
formation of the preform, will be used. 

[0005] In accordance with the prior art, a preform is processed in a 
25 processing device, wherein the preform is heated and subjected to a force in 
the direction of its longitudinal axis. The processing of a preform is enabled by 
heating the preform with a heating device, e.g. a heating furnace, to make the 
preform soften in the heated section. At the same time the processing device 
creates, tension, e.g. tensile stress, in the preform, whereby the preform 
30 stretches in the heated and softened section. As the preform is stretched, its 
length increases and outer diameter decreases, whereby a stretched preform 
of the desired thickness is obtained from the processing device. The diameter 
of the preform obtained in the stretching can be adjusted as desired during the 
process for a given purpose. In the same way, the preform can also be forged 
35 by subjecting it to a compressive force, or its form can be altered in some cor- 
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responding manner. 

[0006] In accordance with the prior art, a preform processing device 
usually comprises two gripping means for securing the preform to the process- 
ing device, and one heating device for heating the preform to enable the proc- 
5 essing thereof. The rod-like preform is usually secured at its ends to the grip- 
ping means, and during the processing process the preform is subjected to a 
force by moving at least one of the gripping means in the axial direction of the 
preform away from or towards the other gripping means. Feeding the preform, 
tensioned by means of the gripping means, longitudinally through the heating 
10 device, enables processing of the preform. Feeding the preform is imple- 
mented in accordance with the prior art by moving the preform through the 
heating device, fixedly installed in the processing device, by means of said two 
movable gripping means. This is implemented by moving both gripping means 
in the same direction, allowing the preform to be fed through the fixed, immo- 
15 bile heating device. Another prior art manner of processing a preform is to 
manufacture a processing device wherein only one of the gripping means is 
movable relative to the body of the processing device, the other being fixedly 
installed in the processing device. In accordance with the prior art, the movable 
gripping means is always at that end of the preform from which the end prod- 
20 uct is produced as a result of stretching or drawing. Herein, the gripping means 
at the opposite end of the preform, the feed end, is arranged fixed. To enable 
processing of the preform, the heating device is arranged movable relative to 
the body of the processing device, the preform being processed by moving one 
of the gripping means and the heating device. 
25 [0007] In accordance with the prior art, a preform processing device 

comprises three modules; two gripping means for securing the preform to the 
processing device, and a heating device for heating the preform or a section 
thereof, two of which are arranged movable in the above-described manner 
during the processing process. 
30 [0008] Devices of the kind described above, comprising two mov- 

able modules, are disclosed in US Patent No. 6,178,778, for example. 

[0009] The basic principle in drawing an optical fibre is similar to 
that in stretching a preform, but the drawing ratios in fibre drawing are consid- 
erably higher. The equipment for drawing a fibre also usually comprises two 
35 gripping means for securing the preform, from which the fibre is drawn, to a 
drawer, and at least one heating device for heating the preform to enable 
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drawing of the fibre. Herein, fibre refers to a conventional solid optical fibre, 
hollow fibre, crystal fibre or another corresponding optical fibre made from 
plastic, glass or a corresponding production material for optical fibre. 

[0010] The problem in the described prior art solution comprising 

5 two mobile modules is that sufficiently stable conditions, wherein the oscilla- 
tions of the processing or drawing device are minimized thus eliminating the 
effect of the oscillations on the quality of the end product, required in the proc- 
essing, i.e. stretching, forging or another procedure for processing a preform or 
drawing a fibre, are almost impossible to achieve with the same processing 

10 device. This is essentially because in prior art solutions the end product is 
moved relative to the body of the processing device. 

BRIEF DESCRIPTION OF THE INVENTION 

[0011] The object of the invention is thus to provide a method and 
an apparatus implementing the method for solving the above problems and for 
15 enabling the modification of the geometry of a preform as desired by reducing 
the oscillation directed to the end product by holding the end product, pro- 
duced as the result of stretching or drawing, in position relative to the body of 
the processing device and by enabling the selection of the drawing or process- 
ing direction and easy installation of the preform into the device. The object of 
20 the invention is achieved by a method and device that are characterized in 
what is stated in independent claims 1 and 5, and 16 and 21. Preferred em- 
bodiments of the invention are described in the dependent claims. 

[0012] The object of the invention is achieved with a device for 
processing/ stretching a preform or with a device for drawing a fibre, the device 
25 comprising at least two gripping means for securing the preform to the proc- 
essing/ stretching device and at least one heating device for heating the pre- 
form or a section thereof to the desired temperature in such a way that both 
the gripping means and the heating device are arranged movable, allowing all 
of them to be moved optionally by holding the end product produced in the 
30 stretching of the preform or the drawing of the fibre in position relative to the 
body of the processing device. The present invention is based on the device 
for processing the preform being manufactured such that all its modules, grip- 
ping means and heating devices are optionally separately movable. This al- 
lows the processing or stretching to be performed in the desired direction rela- 
35 tive to the body of the processing device by holding the end product produced 
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in the processing in position relative to the body of the processing device. 

[0013] It is also preferable in the present invention that each of the 
gripping means and the heating device is independently movable and that the 
speed of movement and direction of movement of each of the gripping means 
5 and the heating device are separately adjustable. It is also preferable that the 
gripping means for securing the preform to the processing device also com- 
prise means for rotating the preform around its longitudinal axis during the 
processing. The processing apparatus of the invention is executable as a verti- 
cal or horizontal structure or as a hybrid thereof. 
10 [0014] The object of the present invention is achieved by a method 

of processing a preform, the method utilizing the apparatus of the invention by 
securing the preform to the processing device by means of at least two sepa- 
rate gripping means, by heating the preform or a section thereof by means of 
at least one heating device at least locally, by generating a tension in the pre- 
15 form by means of the gripping means, and by processing the preform by feed- 
ing it to the heating device by moving one of the gripping means and the heat- 
ing means in such a manner that the resulting end product is held in position 
with the second gripping means relative to the body of the processing device. 

[0015] In the method, the speed of movement and direction of 
20 movement of the gripping means and the heating device, and the temperature 
of the heating device are preferably adjusted in such a manner that the pre- 
form is provided with a diameter of substantially the desired size as a result of 
the processing. It is also preferable that the speed of movement and direction 
of movement of each gripping means and heating device is adjusted sepa- 
25 rately. The preform can be rotated around its longitudinal axis during the proc- 
essing to improve the management of the softened preform and to correct the 
roundness of the preform. 

[0016] An advantage of the method and device of the invention is 
that the position in which the preform is installed and from which it is removed 
30 can be selected more freely. At the same time, maintenance work on the appa- 
ratus becomes easier. Since the drawing can also be performed using two 
movements, the third movement remains to be used for other process adjust- 
ment measures. When the preform is to be cut after the process, the point of 
cutting can also be selected more freely in the solution of the invention than in 
35- known solutions. In addition, holding the end product generated in the process- 
ing in position relative to the body of the processing device ensures the 
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achievement of an end product having the best possible quality. 

BRIEF DESCRIPTION OF THE FIGURES 

[0017] In the following, preferred embodiments of the invention will 
be described in detail with reference to the accompanying drawings, in which 
5 Figure 1a shows the initial situation of the preform processing 

method according to the present invention, the preform being installed in a 
processing device according to the present invention for stretching; 

Figure 1b shows a situation in the preform processing method ac- 
cording to the present invention, the preform being stretched with a processing 
1 0 device according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] In the following, the present invention will be studied by 
means of exemplary embodiments. These embodiments only act as examples 
of the device and method of the present invention, and do not restrict the 

1 5 scope of the invention; on the contrary, the embodiments of the invention may 
vary within the scope of the claims. 

[0019] Reference is made to Figure 1a showing an embodiment of a 
processing device according to the present invention. In this embodiment, said 
processing device comprises a first gripping means 4 and a second gripping 

20 means 6 for securing a preform to the processing device, a heating device 12 
for heating the preform during the processing process, and rotation means 16 
and 14 secured to the first and second gripping means 4 and 6, respectively, 
for rotating the preform around its longitudinal axis. In accordance with Figure 
1a, the elongated preform 2 is installed in the processing device according to 

25 an embodiment of the invention, a first end 10 of the preform being secured to 
the gripping means 4 and a second end 8 to the gripping means 6. Figure 1a 
shows the initial situation in the preform processing method of the present in- 
vention, the preform being installed in a processing device according to the 
invention, whose gripping means 4 and 6 and heating device 12 are movable 

30 at least in the longitudinal direction of the preform. In this exemplary embodi- 
ment, the preform is stretched, but the method and device of the invention can 
also be used to forge the preform or subject it to other processing procedures. 

[0020] The device according to the present invention can also be 
provided with more than two gripping means and/or cutting devices, all of 

35 which are movable. In this case, some gripping means are secured between 
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the ends of the preform. The processing device may also comprise several 
independently movable heating devices 12, allowing the preform to be heated 
at more than one point at the same time. This allows the stretching or forging 
to be performed in steps and different heating temperatures to be maintained 
5 in the heating devices 12. In addition, this would enable the processing to be 
started simultaneously at both ends of the preform or at different points of the 
preform. 

[0021] In accordance with the present invention, the processing de- 
vice is configured to enable separate control of each movable module 4, 6 and 

10 12, i.e. each module has independent drives, servo drives, for example. This 
allows each module 4, 6 and 12 to be moved at different speeds and, if 
needed, also in different directions, or held in position. The method of the in- 
vention for processing a preform utilizes for instance the embodiment of the 
processing device of the invention of the type described above in Figure 1a. 

15 The elongated preform 2 produced by the method is secured to the processing 
device by means of the gripping means 4 and 6. In the present exemplary em- 
bodiment of the method, the initial situation is as shown in Figure 1a. The pre- 
form is first secured, and then subjected to stretching. 

[0022] In accordance with the present invention, the preform is 

20 stretched by utilizing the gripping means 4 and 6, both of which are movable, 
and the movable heating device 12. In the present embodiment, the stretching 
of the preform starts at its one end 8, and the stretching of the preform takes 
place vertically from the top downwards. This means that the heating of the 
preform by means of the heating device 12 starts at one end 8 of the preform, 

25 and at the same time, the preform is subjected to tensile stress by moving the 
gripping means 4 and 6 relative to each other. In the present embodiment, the 
lower gripping means 4 is moved downwards in accordance with Figure 1b, 
and, as a result of the generated tensile stress, the stretching of the preform 2 
starts at the upper end thereof, and the end product produced by the stretching 

30 remains in position relative to the body of the stretcher. During the process, the 
heating device 12 glides downwards. 

[0023] The preform 2, heated by means of the heating device 12, 
softens in the section heated, whereby the tensile stress, generated in the pre- 
form by means of the gripping means 4 and 6, causes the stretching of the sof- 

35 tened section of the preform 2. During the stretching, the diameter of the 
stretched section 3 of the preform is reduced. 
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[0024] Figure 1b shows the processing process by showing the 
relative movements of the movable modules 4, 6 and 12 relative to each other, 
and the stretching of the preform 2. The rotation means 16 and 14 for rotating 
the preform during the processing process are secured to the gripping means 
5 4 and 6 to allow them to move with the gripping means. 

[0025] As the stretching of the preform 2 starts in the initial state in 
accordance with Figure 1a, the preform 2 is heated at its upper end with the 
heating device 12. Once the preform 2 is sufficiently heated, the preform 2 is 
subjected to tensile stress by moving the lower gripping means 4 downwards 
10 in the longitudinal direction of the preform, and by holding the upper gripping 
means 6 in position. At the same time, the heating device 12 starts to be 
moved from the upper end 8 of the preform 2 towards the lower end. The ten- 
sile stress generated by the movement of the gripping means 4 makes the 
heated preform stretch, and because the heating point of the preform, i.e. the 
15 stretching point, has to continuously move downwards along the preform 2 in 
the present embodiment, the heating device 12 has to be moved downwards 
relative to the movement of the lower end 10 of the preform 2. 

[0026] In the previous exemplary embodiment, a stretched preform 
3 is generated from the upper end of the original non-stretched preform 2 as a 
20 result of the processing process. The thickness of the generated stretched pre- 
form 3, i.e. the stretching ratio of the stretching process, is managed by means 
of the relative velocities of the movable modules and the temperature of the 
heating device 12. The preform may also be rotated around its longitudinal axis 
during the stretching process. Rotating the preform improves the management 
25 of the shape of the section thereof that softened as a result of the heating, and 
the stability of the processing process. In accordance with the invention, the 
end product generated as a result of the stretching remains in position relative 
to the body of the processing device, since the upper gripping means 6 are not 
moved during the stretching. 
30 [0027] The above-described exemplary embodiment described 

stretching a preform, but a similar preform processing method and device, 
wherein both the gripping means and the heating device are movable, can also 
be used for forging a preform and in other preform processing processes. 

[0028] Furthermore, a similar method can be utilized in drawing a fi- 
35 bre. In this case, the gripping means, located at that end of the preform from 
which fibre is produced, are held in position relative to the body of the drawer. 
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The immobile gripping means constitute or can comprise a spooler apparatus 
for coiling the produced fibre on a coil. Both gripping devices can also be pro- 
vided with a coiling apparatus enabling drawing in the desired direction. The 
optical fibre thus generated is coiled by means of the coiling device, attached 

5 to the gripping means, which is immobile relative to the body of the drawer, 
onto the coil such that both the furnace and the gripping means that moves 
relative to the body of the drawer move relative to the receiving coiling device 
for the end product/optical fibre irrespective of the selected drawing direction. 
In a preferred embodiment of the invention, the processing apparatus is con- 

10 figured to enable vertical stretching of the preform. All modules being movable 
allows the same apparatus to be used for drawing from both the top down- 
wards and from the bottom upwards, however, preferably from the top down- 
wards, by simultaneously holding the end product generated as a result of the 
stretching/processing in position relative to the body of the processing device. 

15 In addition, the preform can be continuously rotated around its longitudinal axis 
to adjust the shape of the preform. 

[0029] In the present invention, the preform can also be secured to 
the processing device with more than two gripping means, which may all be 
independently movable or two or more can form a movable group, however, in 

20 such a manner that at least two gripping means or groups thereof are inde- 
pendently movable. In addition, there may be several heating devices installed 
such that one is able to move from the top downwards and the second from 
the bottom upwards, for example. The heating devices may also move in the 
same direction in succession, enabling stepwise processing of the preform. 

25 The heating devices may move at the same or a different speed. 

[0030] Such a structure according to the invention enables cutting 
the preform, implemented with a heat source at a freely selectable point, and, 
at the same time, the installation and removal of the preform into and from the 
processing device are facilitated, as all modules are separately controllable 

30 during the installation into and removal from the stretcher. Furthermore, 
stretching from the bottom upwards allows the melt section of the preform to 
be supported by the rigid, non-stretched section of the preform. This also en- 
ables the use of a higher heating temperature. 

[0031] The above-described technology and device can also be util- 

35 ized in MCVD, sleeving, and collapsing processes, in drawing and other corre- 
sponding optical fibre production processes. Sleeving refers to the increase of 
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the thickness of a solid or tubular preform by melting a tube of the same or a 
different material onto an existing preform. Collapsing, in turn, refers to the col- 
lapsing of a tubular preform into a rod by removing the free space on the inside 
of the tube by suction such that the inner walls of the tube melt together. The 
5 present invention provides the preform stretching process with a new kind of 
flexibility and reduces the space required by the apparatus. 

[0032] The present invention is not intended to be restricted to the 
above embodiments, but the gripping means, the heating devices and their 
mobility, and the original shape and structure of the preform may vary within 
10 the scope of the claims of the invention. It is essential in the invention that, as 
distinct from the prior art, all modules of the preform stretching apparatus or 
fibre drawing apparatus are movable, and the stretching/drawing preferably 
takes place vertically, particularly from the top downwards, by holding the gen- 
erated end product in position relative to the body of the processing device, 
1 5 whereby the gripping means on the side of the end product remains in position 
relative to the body as the gripping means at the opposite end of the preform 
and the furnace move. 

[0033] The processing apparatus according to the invention can be 
either an independent entity intended only for processing a perform or for 
20 drawing a fibre from a preform, or it can be an integrated part of the rest of an 
apparatus that performs also other actions on the preform or the fibre obtained 
from it. In addition, the device and the method can be used in shaping a tubu- 
lar preform to adjust the diameter and to adjust the wall thickness. 

[0034] It is obvious to a person skilled in the art that as technology 
25 advances, the basic idea of the invention can be implemented in a variety of 
ways. The invention and its embodiments are thus not limited to the above ex- 
amples, but may vary within the claims. 
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CLAIMS 

1 . A device for processing/stretching a preform (2), the device com- 
prising at least two gripping means (4, 6) for securing the preform (2) to the 
processing device and at least one heating device (12) for heating the preform 

5 or a section thereof to a desired temperature, characterized in that 
both the gripping means (4, 6) and the heating device (12) are arranged op- 
tionally movable, allowing the end product produced to be held in position dur- 
ing the processing process relative to the body of the processing device, irre- 
spective of the direction of the processing/stretching, by holding the gripping 

10 means on the side of the end product of the preform in position relative to the 
body of the processing device. 

2. A device as claimed in claim 1, characterized in that the 
gripping means (4, 6) and the heating device (12) are arranged such that the 
speed of movement and direction of movement of each of them are separately 

1 5 adjustable. 

3. A device as claimed in claim 1 or 2, characterized in that 
it comprises means (14, 16) for rotating the preform (2) around its longitudinal 
axis during the processing. 

4. A device as claimed in any one of claims 1 to 3, character- 
20 i z e d in that it further comprises one or more independently movable cutting 

device for cutting the preform and/or a fibre. 

5. A method of processing/stretching a preform (2), character- 
ized by 

securing the preform (2) to a processing device by means of at least 
25 two separate independently movable gripping means (4, 6); 

heating the preform (2) or a section thereof by means of at least one 
independently movable heating device (12) at least locally; 

generating a tension in the preform (2) by moving at least one of the 
gripping means (4, 6); and 
30 processing the preform (2) by feeding it to the heating device (12) 

by moving one of the gripping means (4, 6) and the heating means (12) and by 
holding the gripping means (4, 6) on the side of the end product of the preform 
in position relative to the body of the processing device, whereby the end 
product produced also remains in position relative to the body of the process- 
35 ing device. 
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6. A method as claimed in any one of claims 5, character- 
ized in that the speed of movement and the direction of movement of each 
gripping means (4. 6) and heating device (12) are separately adjustable. 

7. A method as claimed in any one of claims 5 to 6, character- 
5 i z e d by performing the processing/stretching of the preform vertically from 

the top downwards. 

8. A method as claimed in any one of claims 5 to 6, character- 
ize d by performing the processing/stretching of the preform vertically from 
the bottom upwards. 

10 9. A method as claimed in any one of claims 5to8, character- 

i z e d by rotating the preform (2) around its longitudinal axis during the proc- 
essing. 

10. A method as claimed in any one of claims 5 to 9, charac- 
terized by using two or more heating devices (12) in the processing of the 

1 5 preform. 

1 1 . A method as claimed in claim 10, c h a r a c t e r i z e d by ad- 
justing the speed and direction of movement of each heating device (12) sepa- 
rately. 

12. A method as claimed in any one of claims 5to11,charac- 
20 t e r i z e d by using the method for correcting variations in the diameter of the 

preform. 

13. A method as claimed in any one of claims 5to11,charac- 
t e r i z e d by using the method for correcting the roundness of the preform. 

14. A method as claimed in any one of claims 5to11,charac- 
25 t e r i z e d by utilizing the method in association with a sleeving process. 

1 5. A method as claimed in any one of claims 5 to 11, charac- 
ter i z e d by utilizing the method in association with a collapsing process. 

16. A device for drawing an optical fibre from a preform, the device 
comprising at least two gripping means, of which at least one is provided with 

30 coiling means for the optical fibre, for securing the preform to the drawer, and 
at least one heating device for heating the preform or a section thereof to a 
desired temperature, characterized in that both the gripping means 
and the heating device are arranged optionally movable such that irrespective 
of the selected drawing direction, the heating device and one of the gripping 

35 means are movable relative to the body of the drawer and to the other gripping 
means, which is immovable relative to the body of the drawer and to which a 
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coiling device is connected for coiling the end product/optical fibre to a coil, 
whereby both a furnace and the gripping means that is movable relative to the 
body of the drawer move relative to the coiling device that receives the end 
product/optical fibre. 

5 17. A device as claimed in claim 16, characterized in that 

the gripping means and the heating devices are arranged such that the speed 
of movement and the direction of movement of each of them are separately 
adjustable. 

18. A device as claimed in claim 16 or 17, c h a r a c t e r i z e d in 
10 that it comprises devices for rotating the preform around its longitudinal axis 

during the processing. 

19. A device as claimed in any one of claims 16 to 18, charac- 
terized in that coiling means are arranged in each of the gripping means. 

20. A device as claimed in any one of claims 16 to 19, charac- 
15 terized in that it also comprises one or more independently movable cut- 
ting device for cutting the preform and/or the fibre. 

21. A method of drawing an optical fibre from a preform, char- 
acterized by 

securing the preform to a drawer by means of at least two separate 
20 independently movable gripping means; 

heating the preform or a section thereof by means of at least one 
independently movable heating device at least locally; 

generating a tension in the preform by moving at least one of the 
gripping means; 

25 drawing optical fibre from the preform by moving one of the gripping 

means and the heating device and by holding the gripping means on the side 
of the produced optical fibre in position relative to the body of the drawer; and 

coiling the produced optical fibre with a coiling device arranged in 
the gripping means that is immobile relative to the body of the drawer onto a 

30 coil, whereby both a furnace and the gripping means that is movable relative to 
the body of the drawer move relative to the coiling device that receives the end 
product/optical fibre irrespective of the selected drawing direction. 

22. A method as claimed in any one of claims 21, character- 
ize d in that the speed of movement and the direction of movement of each 

35 gripping means and heating device are separately adjustable. 

23. A method as claimed in any one of claims 21 to 22, c h a r a c - 
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t e r i z e d by performing the drawing of the optical fibre vertically from the top 
downwards. 

24. A method as claimed in any one of claims 21 to 22, c h a ra c - 
t e r i z e d by performing the drawing of the optical fibre vertically from the 

5 bottom upwards. 

25. A method as claimed in any one of claims 21 to 24, c h a r a c - 
t e r i z e d by rotating the preform around its longitudinal axis during the draw- 
ings. 

26. A method as claimed in any one of claims 21 to 25, c h a r a c - 
10 terizedby using two or more heating devices in the drawing. 

27. A method as claimed in claim 26, characterized by ad- 
justing the speed and direction of movement of each heating device sepa- 
rately. 

28. A method as claimed in any one of claims 21 to 27, c h a r a c - 
15 terizedby using the method in shaping a tubular preform for both adjusting 

the diameter and adjusting the wall thickness. 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 03/00637 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC7: C03B 37/025, C03B 23/047 _ - % . „ TT>r , 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) - 

IPC7: C03B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



EPO- INTERNAL, WPI DATA 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4608071 A (KIYOSHI YOKGKAWA ET AL), 
26 August 1986 (26.08.86), column 3, 
line 26 - line 31, claims 1,4 



US 6438997 fll (TATSUHIKO SAITO ET AL) , 
27 August 2002 (27.08.02), figure 1, 
abstract 



US 5755849 A (SUMIO HOSHINO ET AL), 26 May 
(26.05.98), figures 3A-3C, abstract 



1-28 



1-28 



1998 



US 4121920 A (JOHN T. BALKWILL), 24 October 1978 
(24.10.78), claim 1 



1-28 



1-28 



Further documents are listed in the continuation of Box C. See patent family annex. 



* Special categories of cited documents: 

* A* document denning the general state of the ait which is not considered 

to be of particular relevance 
*E* earlier application or patent but published on or after the international 
filing date 

"If document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

*P* document published prior to the international filing date but later than 
the priority date claimed 



*T* later document published alter the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

*X* document of particular relevance: the claimed invention cannot be 
c onsi dered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

* Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

*&• document member of the same patent family 



Date of the actual completion of the international search 



19 November 2003 



Date of mailing of the international search report 

2 1 -11-2003 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized officer 

Linda Melin/MP 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 199S) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 03/00637 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



US 4654065 A (ROBERT J. NAUMANN ET AL), 
31 March 1987 (31.03.87), figure 3, 
abstract 



Relevant to claim No. 



1-15 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



06/09/03 



International application No. 

PCT/FI 03/00637 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member (s) 



Publication 
date 



JP 


60151237 A 


09/08/85 


AU 


746208 B 


18/04/02 


AU 


8888498 A 


23/04/99 


CN 


1301239 T 


27/06/01 


GB 


0007019 D 


00/00/00 


GB 


2344585 A,B 


14/06/00 


JP 


11100224 A 


13/04/99 


SE 


519717 C 


01/04/03 


SE 


0000938 A 


21/03/00 


WO 


9916718 A 


08/04/99 


JP 


5040952 U 


01/06/93 


JP 


5095811 A 


20/04/93 



US 



4608071 A 26/08/86 



US 



6438997 Bl 27/08/02 



US 



5755849 A 26/05/98 



US 



4121920 A 



24/10/78 



AU 


706215 B 


10/06/99 


AU 


7405496 A 


12/06/97 


CN 


1069607 B 


15/08/01 


CN 


1157805 A 


27/08/97 


GB 


2307907 A,B 


11/06/97 


GB 


9625272 D 


00/00/00 


HK 


1001458 A 


00/00/00 


JP 


9221334 A 


26/08/97 


KR 


187597 B 


01/06/99 


SE 


511083 C 


02/08/99 


SE 


9604297 A 


07/06/97 


NONE 







US 4654065 A 31/03/87 NONE 



Form PCT/IS A/210 (patent family annex) (July 1998) 



